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The bats constitute the order Cheiroptera. Unlike related groups 
which are equally extensive, the bats do not vary in sufficient degree 
to be confounded by any x>ossibility with other creatures. By an un- 
trained observer shrews might be mistaken for mice or voles, some of 
the smaller marsupials for minks or weasels, conies for marmots. But 
the popular impression of a bat is accurate, since this creature is the 
only mammal adapted for true flight, and no other mammal resembles 
it. If any mammals exist or have existed that are half bats and halt 
moles, half bats -and halflemurs, half bats and half marmots, they are 
quite unknown to the naturalist. Paleontology is silent as to the 
origin of the bats, though comparison of their bony framework with 
those of the Inseetivora, Lemuroidea, and Eodentia suggest that they 
may have arisen Irom the mammalian stem not far from the points at 
which the differentiation of these branches began. 

MEMBRANES. 

Let us examine the undissected bat, and endeavor to establish thereby 
general conceptions of the creature and of some of the signs of the 
superficies by which its varieties can be named. It is at once seen 
that the anterior extremities are furnished with greatly elongated 
fingers, the intervals between wliich are occupied by two layers of skin. 
Goldsmith uses a happy phrase when he says the fingers serve like 
masts that keep the canvas of a sail Sjiread and regulate its motions.” 

* The monograph from whit'll this introduction has been extracted will be pub- 
lished as a Bulletin of the National Mnseiiin. The printing of the latter having been 
unavoidably delayed, it has been thought best to publish this introduction in 
advance. — F W T 

Proceedings National Museum, Vol. XVI — No. 919. 
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Ijjiyors of skin tlms nnikc^ np ( he win*;* ninnhi*ane. Tli(‘y :m‘ continnoiis 
IVom (h(‘ las!- lin^in* ainl llir, tlininh, or some adjacent snrlace, to the 
sid(‘s ol llio body, the in‘ck (bol h abov(‘. and ladow Miearin and forearm), 
and ( heonter sid(M)f tln^ ]»oste] ior extrmnily. lOaeh win^* nnanbi^ane 
nmelnvs Ixdow the kne(‘. and IVom (his point, in varying- (U‘orees, to the 
ankle ainl th(‘ lbot. 1die s])aee bet ween th(‘ posterior ext ) (‘miti<‘s is also 
o(‘enpi<‘d, as a rnle, by t wo adJoiiuMl lay(‘rs of inte^nmmit which <‘on- 
stitnl(‘s tlu^ intiM temoral mend)]aiu‘. dins strnetim' as oppovsed to the 
above is l(‘ss eonstant in form and dinnmsions. It- may lu‘ j;*nid(‘d by a 
lon^ tail quite to its tip, it may alh>w tln^ tij) to project in ditlerent de- 
faces b(\vond its free margin, it may ^naitly exceed in si/e that of the 
stunted tail, it may be deliiuMl as a lieiii aloim* (he inner bonier ot‘ the 
limbs, or it may b(‘ entirely absent. 

It follows from tln'Si^ stateimmt s that all bats are provided with a 
ba(*k and a front skin-expanse from thesidesof the body to tlu‘ extremi- 
iti(‘s in a. eonstant manner, but from the tail to the posterior (‘xtremities 
in an inconstant manner, t ln‘ last named presmiting modifications deter- 
miiMMl by d(\gr(‘(\s of outgrowth of the tail itselt*. 

Tli(‘ immibranes ju'csent many (hdails with nxsjieet to ( he manner of 
their attaidiimml to (1 k‘ sides of tln‘ body and to the various parts of 
(h(‘ limbs. lnt(‘resting variations ot* iilan ai(‘ semi where th(‘ skin 
erossi^s joints. In tlu‘ elbow Joint- the skin may b(‘ at (ached entirely to 
the epi(‘ondyle, so that the Joint, lies (piite to the iiiidm- side of the 
wing, as in the AfriiMii fox-bat, or it may be attached 

midway, namely, to the ole(‘ranon, as in many forms, but perhaps best 
seen in the lUMit rcjpieal Anuu’iean i^arcopferj/x: or it maybe attached 
entindy to the (q)itroehh‘a, so that the Joint liesqiiite on the nppm* sur- 
face of ( he wing, as in pnn'soiii and l\(pli 0 .:oi(s. At the 

wrist distimdions are seen in the manner in whiidi the tendons of the 
extensor carpi nlnaris and thexor (*arpi ulnaris are disposed at the angle 
whiidi is formed betMi'Cii tlu‘ radius and the lifth metaixirpal bone, 
Wluni this angle is mark(‘d, and skin folds are eousi>ienoiis over the 
tendons named, a radio-meta(‘ar]>al pouch isdetinod. Tin' knee always 
lies on the upper surface of the membrane. It is most free in Macroiiis 
and h'ast so in the Molossi.* The membrane attaelu'd to the ankle may 
li(' ('iitirely to the ])ollieal side oi' tin' Joint, but is disposed to cross it 
by ail obliipu' raisi'd told and ho sei’ured to tin' minimal, i little toe 
si(h'. 

1 have found it convenient to employ a- iinmbi'r of nanu's for the sub- 
divisions of (he dermal ('xpaiisi'. 

'fhe nu'mbrane which extends from the sides of the trunk to include 
the anterior extremity is tin' wing nn'iubrane (“bat wing,'" ])atagium). 

The membrane between the legs is tlie interfemoral membrane (iiro- 
]>ataginm). 

''’nu' gnuip Miinit'd tin' Molossi will l»o In'hl in this essay lu' distiiiet troni the 
group of wliirli IhnhtiUounra is the ei'iitral genus. I jun of the opinion that these 
alliaiua's :ni' distinet and eo-«‘<pial. 
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The meinbmue Jibove tlie ;ivm and forearm is the pi’ebraehimn 
(antebra(‘hial mcmibraiie^ ])ropata^iiim). 

Tlie \y\ug inembraiu‘. b(‘low tlie arm and forearm would become anti 
thetieally the ])ostbraehium. l>ut since the })ostbrachinm could not be 
separated from the sides of the trunk and the legs, it has been found 
necessary to dis(*ard it. 

The part of the wing membrane lying between the body, the humerus, 
the lower extremity, and a hyi)otheti(*al line drawn downward from the 
elbow and intersecting the free margin of the membrane, is the endo- 
pataginm. 

The boundary at the elbow is often fixed by the verti(‘al terminal 
branch of the intercosto-humeral line. The subordinate lines (probably 
platysmal in origin) in the (‘ndopatagium incline obliipiely either to- 
ward the humerus or the trunk. 

The part of the wing mend)raiie which is limited by the line at the 
elbow as above given, by the forearm, and the tilth metacarpal bone 
and phalanges, is the mesoi)atagium.^ Within the luesopatagium the 
subordinate lines inclim^ eitlnu’ toward the forearm or the maims. 

The part of the wing membrane limited to the maims becomes the 
e(*topatagium (dactylo-])atagium). The subdivisions of the ectopataginm 
are the first, second, third, and fourth interspaces. Tliese are named 
from the pollex toward the qnintns. Tlie smies of bones which is em- 
braced in the metacarpal and iihalangeal lines being conspicuous in 
the bat, it is desirable to possess a name in referring to each series 
taken as a whole. The name digit will be used for the rod of segments 
embracing the metacari)al element. The nerve whicli appears at the 
anterior margin of a digit be(M)ines predigital, and that of the posterior 
margin, postdigital. 

The cartilaginous tip to the terminal bony phalanx, respectively, of 
the third, fourth, and fifth lingers will receive the name of the third 
phalanx when three* phalanges are present, and of the fourth idialanx 
when four phalanges are lu’esent. The shapes of the terminal pha- 
langes arc of interest and some of these will be described. 

I have examined a siithcient number of genera to suggest that an 
ac'count of the markings of the wing membranes and of the shapes of 
the terminal phalanges enter into all discriminating studies. 

The division of the wing membrane into the parts endopatagium, 
mesopatagmm and cctodpatagium is sustained by what is observed in 
T((j)hozoi(s m(U(riti(nius^ since in this species the endopatagium is of a 
dark color while the rest of the membrane is white, excepting the extreme 
tip of the end of the third linger. Now when the animal is at rest the 
surfaces above named are those only which are exposed to the light. 
In all young bats which cling to the mother, without exposing .any other 
[lortions of the membrane than those named, it is evident that for a 

'*'riio oiulopatagium aiul mesojKitagimn are togothor aamo as plagiopatagiam 
of Kolcuati. (Beitr. z. Naturgcscli. doi Europ. Chir., Drosdcii; 1857 .) 
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lon^' pei'iod tlie eiKlopntagiuin lias fniK'tioiis wliieli are not exacted of 
tlM‘ rest of the win^’ membrane, and in eonscMjnence, in my Jndgmenb 
it is easy to see liow this portion of the wini»* exjiansc' slionld be dis- 
tingnislied from those jiortions wliieli are used only in llight. 

The digits on their palmar as])eet may be sharply defined as in the 
riiyllostomida* and Cori/uorhiuus, or they may be obscured by tliomem- 
braue or the upper part in the f()re])art of the hand, namely, in the 
region of the second, thii d, and fourth digits, as in Molossi, Vesperti* 
lionida". and the genus Antrozons, Tlie membiane may lie ehielly on 
the upper aspect of the digits, as in most bats, or at the lower. That 
in the second interspace may be attached to the upper border of the 
second and to the lower border of the third metacarpal bone. 

The skin is much more loose about the legs than the arms and on the 
interfemoral membrane than the wing membrane. The membranes are 
attached to the lower border of the first two or three caudal vertebrae, 
thus permitting them to be seen distinctly ahovc^ and to the upper bor- 
ders of the remaining vertebrie, thus iiermitting them to be seen more 
distinctly belou\ 

The skin of the two sides of the body unite in such wise as to per- 
mit a very narrow interval to <‘xist between tln^ two layers. The upper 
layer of the wing membrane is extending directly outward on a level 
with the back of the chest and of the loin, but the lower layer is vari- 
able. It may extend outward as in the upper layer, but a disposition 
exists for it first to conform to the curve of the side of the trunk and 
join the upper layer near the union of the side Avith the upper surface 
of the trunk. In one remarkable instance, Chilo)njcteris dart/i, the 
under layer extends quite to tlie middle line of the back, and thence is 
detleeted in an acute angle outAvard to join the upper layer. The re- 
gion of the axilla is greatly depressed in bats, owing to the inclination 
for the under skin layer to extend upward and backward. This space 
is so large as to suggest the adaptation of the pouch thus formed for 
the protection of the young, in Ghciromcics it must have another sig- 
niticance, since it here constitutes a huge bag-like iiumlution AAiiich 
extends as far as the middle line of the back. 

IIIE WTNCt 3IE31BRAXE AT REST. 

The bat when at rest folds the fingers by a movement of the root of 
the hand (carpus) dowiiAvard on the Avrist end (ilistal end) of the forearm. 
This movement is characteristic and AAiien conqileted brings the fingers 
in a compact bundle (like the ribs of a closed umbrella) under the fore- 
arm and ]>arall(‘l to it. The hand is thus tucked up toAvard the rest of 
the anterior extremity, and as the forearm (in the same movement) is 
sharply Hexed on the arm the entire extremity presents the greatest 
possible contrast to Avhat it exhibited Avhen preimred for flight. The 
bat noAA^ su]>poi“ts the body in one of two ways. It is prone, /. e., Avith 
tlu‘ front of the body doAAunvard on tlie plane of supiiort, or it is pmul- 
ant, ?. e., hung by the claAA\s of the hind feet. If it is i)roiie the base of 
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the thumb and wrist siippcuds the body and is furnished with a Inird- 
ened pad of skin (eallosity) for the purpose, the thumb being lield at 
the same time well out of the way, and the posterior extremity taking- 
the position nearly the same as that of terrestrial quadrupeds. The 
best example of those that scurry* when the wings are folded are the 
Molossi. In this group the phalanges of the third and fourth digits 
are now no longer held in axial line with the metaearpals as in flight, 
but are drawn upward and to the side, though well out of the way. 
The tail in all prone forms remains extended and the tip touches 
the plane on which the animal rests. If the bat is pendaut in rest the 
base of the thumb and wrist do not support. The thumb is without 
callosity, is more engaged in the wing membrane, and is drawn more 
or less in toward the under surface of the wing. In this event the foot 
is furnished with sharper and more recurved claws, since they are now 
prehensile. The leg assumes a position quite at variance with the ter- 
restrial i)Osition and is different in this regard from all mammals, the 
sloth alone excepted. The tail in the pendant form, at least in our red 
bat, is draAvn well forward and rests on the lower part of the trunk. It 
is readily seen that very long digits of the anterior extremity would be 
more or less in the way in the prone forms, while they might be extended 
to any degree in the pendant forms, without interference. In fact the 
first named have smaller digital elements tlian the last and the wing 
expanse is corres])ondingly more restricted. t 

THE WING MEMBRANE IN FLIGHT. 

While interesting characters are thus observed in the bat when at 
rest it is in the use of the limbs in flight that the chief peculiarities are 
noted. The intervals between the digits vary greatly in the different 
genera. As already remarked the under surfaces of the second and 
third digits are boldly outlined or are covered with membrane so as to 
obscure their outlines. In the forms in which this obscuring is noticed 
the fifth finger is supported by a little rod of cartilage. 

The opening of the wing exerts a powerful influence over the posterior 
extremity. It pulls it outward in the forms in which an interfemoral 
membrane is iwesent and thus makes tense tliis membrane. The entire 
limb is abducted from the terrestrial position and the foot is turned 
with its plantar surface foiuvard. 

^A word was needed to express the terrestrial motion of a bat whose wings are at 
rest, I venture to use scurry^’ in lieu of a better. 

tTlie contrast between ]>rone and pendant positions of bats when at rest is an 
iustruetive one. It supposes the existence of a number of adaptive characters, which 
will be observed in the accounts of members of our fauna. So little is known of the 
habits of bats that it would l)e premature to base any generalizations u])ou these or 
any other isolated groups of structural peculiarities, I have s(*en our common broAvn 
bat in captivity hang itself up by the claws, but have never seen it other than prone 
when at rest in its native haunts. I am also aware that Jihynchonycieris (which has 
a hexed thumb and a small potlical callosity) comes to rest like a moth; i. c., with 
wings expanded yet prone. 
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Tlio win^’ inein1)rMn(' in;iy 1 h‘ said to W roduiiilant when the ex])ansc 
nbove tlu' arm and ibri‘ann (‘xtends fr(‘t‘Iy to (he earpiis and einbraet's 
(lie small thnnd) to a point lu^yond the tirst phalanx of the thninh; 
when it extends down to the foot beyond an oblhpio iniisele line which 
extends upward and ontward from tlu‘ lower ]>art of the lo^': when the 
s])aee between the second and third dii^its i'^ ample, and that between 
tlie thumb and se(*ond digit is ])rovided with a well-detined liein of 
membrane, 

►Skin folds are ofttni dis])osed along the lines re]n'csentcd by the 
l>almav fascia, at the pi‘oximal end of the fifth digit,* The tlexor ten- 
dons at the radio digital angle are often covered with similar disposi* 
tions of the skin. 

ddie membranes are sn])ported not only by the parts of the skelatal 
frame work, as thesi' jiarts arensnally detined, but by a number of special 
adaptations. An ac(*essory eaidilage at tlie somad inai'gin of the ter- 
minal lifth digit has bemi alnndy named (^lolossiand Vesjiertilionidas 
except Plecoti), 'fhe interfemoral membram‘ is snpi)orted at the free 
margin by a special (‘artilage (calcar) from the tarsus in all bats except- 
ing the rteropi, Khiiiolophida', and the Stenodermida\ Tlie calcar 
may have a ])r<u*ess from its under margin, as in yovfuUuta novtala. 
Tho terminal Joint of the tail may be s]mtulate, as in yi/vteris. Termi- 
nal cartilages of the third and fourth digits are present except in Ptero- 
pida‘, Pliinolophiihe, and Ihnballonnrida'. Thi‘y are of varying 
shai>es, the whole arrangement having for its object the support of the 
free margin of the wing membrane. These cartilages, as a rule, are 
d(‘ilected out ward, though they may remain axial, as in Phyllostomida' 
and Pleeoti, 

All things remaining the same, the degree of strain maybe measured 
by the extent and variety of these special snp])orts, and may be said 
to be in the lim‘ of sjiecialization for aerial movements, lienee, in forms 
in which they are absmit the membranes are broad and may be said to 
exhibit more of a i)arachnte arrangennmt than in other types in which 
the^are present, and the motion of the wings to be like that of a slow 
fanning l ather than a ra]>id, varied flight. 

Strain on the membranes is also shown in the angle form between 
tlu‘ portions of the wing farthest away from the boily. namely, the 
n‘gion of the second and third digits. Thesoari' pulled away from the 
fourth and fifth digits, which remain nearly passive by the traction of 
the muscles which extend these bones (extensores carpi radiales longior 
et brevier), and the wlnde membrane becomes tense. I'he contrast be- 
tween the shapt‘s of the wing in this regard is considerable when such 
terms as Arfibeits, Xi/rtiuomus, and ^{falaphu are compared. 

ATien tin* wing of a bat is lu‘ld up between the eye of the observer 
and a bright light the membrane is seen to be translucent. The deli- 
cate connective tissue lines (trabecuhv) are seen uniting the various 

^ Vospcrtilit>niihi* (oxocptiiig IMoooti) anti Molossi. 
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])arts of tin* bony fraino\TOi‘k, and tlio positions of the nerves, blood 
vess(‘ls, and miisele-faseic les are displayed. The paths of the nerves 
and blood vessels constitute one system and may be spoken of together, 
but the traceuhe and muscles are distinct from these and in some degree 
from each other. As in the case of tlio relation whiidi exists between 
the skin and the bones, so in the arrangement of the parts just named 
the degrees of strain to which the wing is subje(ded acc'ount in the main 
for the difference in the various genera. The muscle-fascicles are most 
numerous in the membrane near the body, and are better developed in 
the narrow-pointed winged forms, such as IMolossi and Atalaplm^ than 
in the broad, parachute-like forms. The muscle element in the wing is 
especially weak in the Pteropida% Rhinolophidie, and A^espertilionida\ 

The fibrous lines which extend across the membranes are not without 
system. Many of them are excessively attenuated tendons; such, for 
example, are the fibres of the palmar fascia, already mentioned. Others 
are the fibres which connect the joints of digits; more of them yet ap- 
pear to be parts of a true derm. The nerves and blood vessels iiiirsuc 
the same courses. Since the directions of nerves are of more impor- 
tance in morphological study than the vessels, the former Avill be alone 
named. In each interdigital space a nerve tends to enter at its proximal 
end and, dividing into two branches, incline along the sides of the op- 
posed metacarpal bones. The departures from this ]dau are nnmerous, 
and are so constant in groups of generic and even specilic limitation 
that they constitute a valuable addition to diagnoses. 

The wing membrane, when expanded, exhibits differences in the width 
of the interdigital spaces. These differences relate in an intimate man- 
ner with the behavior of the ])arts in flight, and conseiiuently with 
habit. The subjoined table indicates some of these distinctions: 



Manul {pivval) fovmnhv of the widths of secoud, third, and fourth interspaces. 



Spocies. 


II. 


m. 


IV. 


Foro- 

arni. 


Dift'eivnce 
be1 weon 
III ami IV. 





)H in. 


mm. 

17 


m m. 
18 


mm. 

49 


nrm . 

1 


SclnyoHf 0111 : 1 . - ......... 




IG 


21 


32 


5 


mru'roHis 


i» 


15 


22 


44 


7 


Ui'sniodus. 


2 


21 


37 


53 


10 


Vaiii]>vro]>s 


3 


17 


27 


36 


10 


Chilouvctoris. . ......t 


. ¥ 


15 


17 


40 


12 


llcuiidonua 


20 


32 


2C 


9-12 


VaiMpvrns 

ljOiu’hoi;lossa 


Id 


41 

19 


53 

32 


105 

33 


12 

12 


JUonojdivUiis ! 


3 


17 


34 


32 


14 


Artibous 


4 




39 


51 


18 


liraolivjilivlla 


3 


' . 25 


43 


64 


18 


jMoriiiojis 


3 


16 


35 > 


50 


19 


rhyllostoma 


4 


29 


G2 


81 


45 


l\livncliouyrtcris 


r> 


10 


25 


40 


9 


Cyiioptorus * 


lU 


18 


27 


58 


9 


Afspcrtilio t 


2 


11 


31 


59 


10 


Epoiiioplioi’us ^ 


13 


21 


39 


83 


11 


Khinopoimi 


3 


13 


30 


64 


17 


^klolossiis § 


h 


5 


35 


46 


30 


Nool ilio 


0 


13 


58 


83 


; 45 


I'toropna II 


18 


17 


(.9 


145 


52 










' 


- 



* C. m;ir^inatus. ; E. franqiH'ti. il C. edwurdsii. 

t V. iinimins. ^ M. ruins. 
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This list is soliurtcMl in (h(‘ main for i*(>ni]);u ison in nunnlxa’s of a sin- 
[;1(‘ tainily, viz, (In' IMiyllostcnnida*. d'lio last ciulil Idnns an' tVom faini- 
li(‘s otlu'r than the one (irst naineil. 

It is l>elie\'e(l Unit these distiiudions may lu^ roinamitoitly inrinded 
in the (diaraeteristie ]>ro])ortions ot‘ hats. 

In tli^ht the tlminh is extended in VesiuMdilioinihe^ hnt ])artially 
Hexed in IMiyllostomida' (ex(‘('])tiuj>* Deswodns and Diplti/lla) and in 
Pli'cotL ddn^ dei>T(‘e of inelosni’e ol‘ the thumb in the nuanbKane an- 
swers to the amplitude of the membranes generally and wlu'n extensive 
tends t(> draw tin' thumb sli«i“htly toward the palm, the s]>aee between 
the thumb and index fin^vr In'ino* moderately oeenpied by a skin ex])an- 
sion. 

It is a tendency under certain (‘onditions for all li'rowtli i)rocesses to 
dominate functions other than those whii'h are essential to their own 
activities. The best ,u’cneral eoiu*e])tion of the manner of t'xtendini^* a 
fold of skin lu'tween the limbs is seen in the llatrachia. In the water 
newts a lon<;’itndinal ridge is often set'n extending along the sides of 
the trunk. This is continuous along the hinder border of the anterior 
extremity (well dc‘veloi>ed in Mcnopoma) ami reaches as far as the tip 
of the tlfth digit, d'his fold is snp]>lied by the ulnar lu'rve, which ap- 
pears to be in its earliest ex]>ressioii a nerve for the skin of the ]>oste- 
rior bolder of the forearm, of the fifth digit, and the muscles found in 
these regions, 'fhe idienoinena of a fold of skin exti'uding between the 
toes is onealiH'ady familiar, so that the general idan of tlu'skiu exjianse 
in a creature so low as the Mcnopoma iirefigures that of so highly spe- 
1 ‘ialized a formas the bat without violenc-e and without leaving a single 
lim' obsi'ured. I)itV(‘rem*e of degree and not of kind se])aratcs them. 

The very exceptional disimsition in the bat for the skin from the 
trunk to extend the entire lengths of the limb, and in the case of the 
anterior extremity to form enormous webs between the produced dig- 
its, is associated with an iiu'lination for the ears to become greatly ex- 
lianded and for entaneons otfshoots to appear at the muzzle, chin, and 
th(‘ sides of the face. Kven the pre])nce is disposed to be redundant. 
Together witli this inclination, dermal structures are highly spi'cialized, 
so that the sebaceous glands^ hair follicles, and tactile bodies are widl 
developed. It can be readily surmised that special adaptations for a 
variety of])ur])oscs occip* in this group of structures, so that secondary 
si'xnal characters are found in the gland massesof ihoskinof the neck, 
ami of the skin folds, the details in tin' ears, the poui'hes of skin, etc., 
are available for purposes of classification. 

TUK KXTEKNAL KAK. 

In this ('onnection h't ns glanci' at the ])eculiarities of the external 
ear. Tin' external ear is markedly nu>ditied from the type usual in 
(piailrupc'ds. Its simplest exprc'ssion is si't'ii in the Pt(*ropida* and the 
Khinolophiihe. In these families the widely si'i)arated auricular carti- 
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lagTs iin> lilosoly cmvr;i]>])C(l by iiUF^’uuu^nf and tlio tragus is absent. 
In siielian ear tlu‘ terms inner and outer Iforders and tip^ (‘xlianst the 
list Avliieh are d<‘inand(Ml in tlu‘ir description. In tln‘ ears of therc. 
inainiiig* lainilies it is tar (lilVerent. The anriel(> lu‘ro is expanded to 
degrees whieli bring the ontm* ])arts to a greater or less degree down- 
ward and forward on the upper parts of tlie iKM‘k and r('a(‘h tlie region 
of the mouth, or even the ehin, wliile the inner bordm*, being guarded 
by a skill fold whieh eonneids the ear to the crown, is disclosed to be 
united with the (*orresponding \)wvt of the ear of the ojiposite side and 
extend in varying degrees toward tlie snout. Skin lappets arise from 
both inner and outer borders. Those from the inner border from a 
long a])pendago whi(‘h lies in advance as di‘tined in the simple ear and 
becomes the ////e/amZ As a rule it ends as a free lobe interiorly, 
whie.li thus becomes the intental b(V{aI lobe. The line of the true inter- 
nal border being always discernible becomes the internal ridge, Tlie 
extei’nal border, wliich is distinguished from the true external border 
which now becomes the external ridge is also disposed to form a hem 
{external hem), which, how(‘ver, in contrast to the inner is ajit to be 
divid(Hl into an upper and alowiT part; tln^ ujiper jiart forms th('> first 
seallop^ and the lower the second sealloj). The free lowei’ end of the 
outer border becomes the external basal lobe^ which may be seiiarated 
from the lower scallop by a dec]) basal notch j or the secMUid scallo[) may 
extend a(*ross this notch and the external basal lobe and b(a*omes con- 
tinuous at various distances with the fac(‘ or that over the lower jaw. 
Tliesc parts v ill not receive distinctive names. In most examples the 
auricle is also eonvimiently divided into an anterior and a imsterior 
])art, the anterior part is marked, if marked at all, by lines repeating 
that of the internal border, while the laisterior part is niaiked, if 
marked at all, by conspicuous transverse lines or striae The hair 
when it extends upward on the ear from the crown is usually of the 
color and (diaracter of tha t of the crown, while that of the posterior is 
of tlu‘ color and character of that of the ne<‘k. 

The tragus varies exceedingly in form. The following terms are em- 
ploycul in its description, viz, the inner and onter border^ the tip, the 
notch, which is near the base of the outer border, and the basal lohe, 
which lies below the notch. The tragus is said to be absent in Ptero- 
pida^ and Uhinolophida>, but in some examples ol‘ the family last named 
a rudimcntal tragus can be discerned. The tragus always arises from 
the ridge which lies in front of the auditory meatus and connects the 
inner and outer auricular borders. It is of interc'st to observe that 
wliile this conuectioii with the borders is inpierfectly delined in most 
bats that in the ri‘cimtly dis(*overed Kndenna it is markedly so united 
and tends to constrict the basal parts of the enormous auricle. 

]STot only is this the ease, but the cars are often united by a baud 
{inter a nrienlar membrane) which extends obliquely forward. In Corg- 
norhi)nis and ^[aerotns it is on tin* face, and in Ih^omops perotis nniches 
quite to the snout. 



10 



NOUTII AMI:RICAX VuVVS U ALLKN. 



in illnsi r;i( ioii of (In* valu(‘ of tln‘ (‘nr in rlnssi lirntion the lollowin”' 
tnMn (Jrawn up iVom imnnbers ol‘ i\ui ]»nls (loscTib(‘d in this 
nuMiioir. 

PJn/lloslinniihr. — I0xt(*rnal o;u* williont intnnnjl basal lobe, h^xli^rnal 
vi(li»'(‘ rinliniental oi‘ absent, h^xteiaial basal lobe not niai i^inab l>nt lies 
W(‘ll within tlu‘ lai\i;'(‘ seeond seallo]), which is eoutinued well in front; 
tra^ii'iis ])roi’ec‘tj coarsely cnamla to or spinose on oiitin* border. 

Molossi. — f>ars without internal basal lobe. Internal ridi>e iirodiu'ial 
f'ornunii’ a ^Mcetd.” hbxteriial rid^e.'(^ inai\i;inal, i)rodiu*iMl, bounding* (‘xter- 
nal basal lob(^ fbxtcnanil bas il notidi o])en, /. r., not covered by lower 
scallop; tragus rudiinental. 

]'rs]Ki'fHioiiid(r. — fairs with internal basal lobe, rnternal an\l exter- 
nal ridges rudinnnital, not pro<lu(‘(‘d. lOxteiaial basal lob(‘ marginal 
(exc(‘pt Ph‘cofi), not touching i^xtca'iial basal ridge. External basal 
notch ociaipied by jiroduced lower scallo]>. Tragus obscurely cnani- 
late oil ontia* bonba', or smooth. 

SKca)Nl)AKY SKIN BKVKLOrMKNTS. 

At th(^ muzzle the skin folds are median and latmal. The margins 
of the nostrils (‘xpand abov(‘ and at the outer side while tln\v are S(‘pa- 
rat(‘d by a groove or a ridge in the iuiddl(‘ line, as is s(‘en in J>ra<dnf- 
phijlla and Xifviinomns, Or the two lines of perinarial (‘xpansion may 
meet below in the spai*e between the nostrils and the lij) to form a 
swolhm ridg(‘ as in Glossophatju or a lajiiiet as in most VampifyK while 
tli(‘ intcM’uarial ridgi' is continuous with a vertical Icallet. This is the 
type* seen in most of the Phyllostomida* as (‘Xi‘m])liticd in this memoir 
in Artihi'Hs and Mnvrotus. Tlie nostrils may remain siiui)l(‘ with uiiper 
border ad\'anced upon luim'ii of tin' opening so as to divide* it into two 
eormia as in most Vespi*rtilionida* or the lumen may lie oval as in 
dermu 

The lower lij) is iirmly lu‘ld to the gum ot' the lower ineisor tec'th, as 
in Vesj)crtilio, or it is frc‘(' and forms a jirotrusih*, in(‘inbranous fold 
as in /ii((laph(L It maybe entire or di^'id(‘d in tin* eent(*r so as to form 
two chin jilates as in Mavrofiis and as a variation in Xi/ctinjns, In 
Aitdaphu a distilled lappet e*xt(*nds entirely across the* chin and in de- 
grees of d(*vele)pment distinguishes the* sex(*s. The* t*hin itsedf and the 
spaee directly baedc of it is aelorned with se'att(*red warts in all forniSj 
but in l*hi/llo,sf<n)iid(i\ as shown in Arfihv}(s\ the* entire (*hiii is (*onspicu- 
euisly adejrned with ve*rriu*a‘ arranged in me*diau and lateral groups. 
Ill (diilonj/vtrris and .l/or/;eop,s* the'se are* the* sites ed curiously ce>m})lex 
le‘at!e*ts. 

The sieles of the lae‘e» are* liirnish(‘el with skin feihls ol* variems lengths, 
wliie*h are e‘ontiiiiie>us with the* e*xte*rnal be)reler of the aurie-le, eu* a largo 
wart lie's elirectly back e)f or below the angle of the mouth, while the 
side*s e)f the* muzzle are apt to be more or h‘ss thicke*ne*el by swolli'ii 
glanel-masse's, whie*h te*nel to embrae*e tin* siele ed’ the uose*-le*af as in 
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Artihrus ami ]\I(icyofMSj or ascend toward tlio vertex of* llie lace, v liere 
they eitlier approacli eaidi oth(*r on tlie top of the innzzle as in Autro- 
zous^ or end free as in Corynorhlnus. 

HAIR. 

Theliair of the body is arranged in regions having well-defined bound- 
aries. The crown of the head, the region directly in front of the ear, 
the iu‘ck, especially the side and back, inclusive of a line across the toj) 
of the chest, the shoulder itself, the sides of the under surface of the 
body, the rump, and pubis are all regions which are often separately 
colored, or clothed witli hair of distinct texture, or rate of development 
than that of the other porti(ms of the body. The sides of the neck are 
always furnished with longer hair than is the front and ordinarily than 
is the back. The hair of the pubis is more woolly than that seen else- 
where. The hair extends farther on the dorsum of the face in Vesyer- 
tUio than in most genera. The same region is naked in AdcJoHi/ctniH. 
The shoulders are occasionally furnished with shades of color contrast- 
ing with that of the rest of the body. 

The membranes are clothed with hair in varying degrees. The greater 
area is naked. The interfemoral ineinbraneis more thickly clothed on 
the upper than the low(‘r surface, a tendency reaching its maximum in 
Afakqyka, while the lower surfa(*e of the wing membrane l)etween the 
body and the border of the manus — a tendency also marked in Atahqdta, 
but most marked in the Asiatic form of the noctiile bat {NoctnUna noc- 
iuJa lasiopterns). As a rule the fur from the under surface of the body 
extends from the upper third or half of the arm to the knee. The 
presence of a clump of hair on the dorsum of tiie forearm is a good 
peripheral character for Atalapha cinerca. The interfemoral membrane 
as a rule is covered with an extension of hair from the rump to tlie 
basal third in most Yespertilionida^. In VespertiUo an interesting char- 
acter is noted in this (dump, not being well defined, but straggles down- 
wardin an irregular manner and is lost near the ankle. This disposition 
is especially developed in VesjurtlUo c(q)avvlni and in the iilevadan 
variety of VespertiUo nlthhis cUloUthrum, The lower border of the 
membrane is constantly fringed in some forms of VespertiUo^ but as 
an individual vaidatioii in the d^’orth American s])(H*ies. It is rare to 
have the lower l)order of the wing membrane from the foot to the 
manus fringed as in Fteropiis^ but VespertiUo, as seen in North 
America exhibits a singularly constant, minute bristle which overlies 
the membrane at the tip of the fifth finger. The ears arc a])t to be 
sparsely haired on the inner surface near the anterior border, on the 
outer surface at the basal thii'd or half, and on the external basal lobe. 
On the whole the bats which take the prone position in rest are less 
heavily furred than those whicdi are pendent. In one of the niost 
marked forms of the former grouj) {ChcironieJes) the skin is nearly naked. 
Interesting contrasts can be made in this way between the haunters of 
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Cilves, alties, and o\d tree trunks and tlios(‘ wliieli ai*e (*an<ilit lian.i;'iii|^ 
IVoin tin* sandier bianeln^s and twi<;’s of tiees and 1)us1k*s. 

Bristles (s(*ta*) usually surinoiint warts (v(*rruea*). They are best de- 
veloin*d on the lace of Molossi^ though they may be Ibiind in the groni> 
last nain(*d on the upper surface of tln^ interfeinoral nn*mbrane. Tlie 
very long hairs of the si<les of the muzzle, whi<‘li are so (‘ouspienons in 
many of the small mammals of other orders, notably the Bodentia and 
Carnivora ai*e absent. The best exam])les are met with in VvspertiUo 
and Chovromjcterh, Kring(^s of bristles adorn the margins of the toes 
in ^lolossi. 

In desci ibiug bats in this manner the attention which has been given 
to the details of the coloring and the markings on membranes require 
an exact use of terms. 

When hair arises from the membrane it will be seen that the clumps 
follow the direc'tioiis of the trabecuhe and are detected inthetiuns- 
lu(*ent wing as minute black dots arranged in rows. These must not 
be confounded with pigment spots which dot the naked spaces of the 
wing in some species. 

OLANDS. 

The skin glands are best developed on the sides of the hice directly 
back of the muzzle, in Molossi a large, median, coarse sebac(*ous gland 
lies on the und(*r surface of th(‘ neck. It is best developed in the male. 
The mamma* are large during the lactating.period vhen the nipples are 
projecting and the aveolar space naked. At other times the nipple 
disa])i)ears and the gland is reduced to the smallest possible propor- 
tions. In Saccopterifx and its allies the wing membrane above the an- 
terior extremity is furnished with a sack which is lined with folds which 
yield a fetid sc(*retion. Tin* position and size of this sack furnish (*x- 
cellent characters to distinguish genera as well as sexes of individuals. 

COLORATION. 

It is necessary to state that the colors for the most part are described 
from ah'oholic si)(‘ciinens which have been remov(*d from the spirit and 
permitted to dry. Mr. F. W. True writes in the Smithsonian Iteport 
for 188S that alcohol disturbs the t*olor sclK3ine of a mammal. The 
character of ah'ohol is not especially here named and the remark is 
undoubt(‘dly (‘orrect lor S])C(*imens which have been preserved iii wood 
spirit. However, none of the S])ccimens used for study have* been j)re- 
served in otln*r than commerc'ial alcohol which has been variously 
diluted with water. I have obsc*rved no differences of the kind named 
between the few living individuals 1 have seen, tin* fur of the dried 
skin prepared in the usual an ay Nvith arseni<; and in skins dried after 
prolonged immersion in co]nmercial s])irit. It must also be reinend)er(*d 
that since all the material available for my study has b(‘(*n preserved 



13 



PROCEEDINGS OF THE NATIONAL MUSEUM. 

ill the sani(‘ medium th(‘ compariyons ar<^ suhieii^ntly cxaet lor purposes 
of ideiitifieatioii of museum aleoliolics. It is barely possible that the 
color description may require some modificatiou as contrasted with 
these drawn up from living specimens. 

SKELETON. 

SJxulL — In describing the skull in bats, I have borne in mind that tlie 
form of the brain gives expression to the shape of tlie brain-case to a 
far greater degree than is the case in other mammals. The divisions 
of the brain are readily outlined externally, and yield convenient bound- 
aries, since the shapes of associated parts harmonize in some degree to 
them. Thus the region of the proenccphalon, of the mesencephalon, 
and of the metencephaloii are defined. In like manner the impressions 
made by the lines of attachment of the temporal and masseter muscles, 
the former on the cranium, the latter on the lower jaw, are valuable. 
For the temporal muscles I have named the median line between the 
two the sagittal crest or line, and the anterior and ])osterior temporal 
impressions the anterior and })osterior temporal ridges or lines. 

On the under surface of the skull the size and direction of the proc- 
ess (sphenoidal tongue) which extends backward and outward from 
the basisphenoid is worthy of notice. As compared to other mammals, 
the cochlea is unusually large at the base of the skull, and is, as a rule, 
but xiartially concealed by the tympanic bone. 

The otic capsule varies in the degree in which bony laminm occupy 
the spaces created by the semicircular canals. On the side of the skull 
the surface (opisthotic) which adjoins the squama in mammals gener- 
ally is in bats crossed by a ])rocess of the squama uniting with one from 
the exoccipital, as in AtaJaphaj or the surface is free as in Xyethiomus, 
The old-world genus Hippos ider os resembles Xijctinomus in this par- 
ticular. When the otic capsule falls out, as it is apt to do in the over- 
macerated skull, a foramen or a notch is always defined between the 
squama and the occipital bone. Sometimes a foramen of the same sig- 
nificance, viz, one occupied by the opisthotic during life, is seen on 
the occiput. 

The otic capsule in Pteropidre alone is inclosed in bone, to form a 
triangular wedge comparable to the os petrosa of other mammals. As 
a rule, the form of the cochlea and semicircular canals are outlined as 
though in the human skull the encapsuling petrosal bone had been 
chiseled away, the degrees in which thin plates of bone fill in the 
semicircular canals being alone subject to change. The horizontal loop 
in all forms examined is filled with bone. 

The following scheme of the otic element will be found useful: 
External loop entirely occupied with bone: 

Superior loop aiigulated, open Ariihcm. 

Superior loop nearly filhul Xifvfhiomns (A^. brasilieusis). 

Superior loop about half lilled Atnlapba. 
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ICxtcnial loop iilmosl ontiicly occupied with bone: 

Anlrozonti. 

I'vsprriUio. 

Jtfrfovi/cicrist {A./itarns). 

I0\tern;il loop ;ind suiierior loops not or(*ni)iiMl witli l)om‘: 

XodUio. 

Marrohts ((►ccMsioiudly rxct'i»tcil). 

Ifnnhlcrma. 

ChUonyrferis, 

Tlio (ynipniiio bone is sometimes incoiui)loto, ns in Vrsprrtilio, at its 
npp(‘rjm*, wlioiv it limits the 7.ona tyinpjiniea superiorly. 'Hie bone 
(*onst itiites tln^ biilln, whi(*h pn^sents various degrees of extension over 
the eoehlca or for>vanl along th(‘ siile of the glenoid fossa. d1ie width 
of the origin of the sterno-nmstoid nmselo is inneh greater than in 
inannnalia generally. This iutei'val u\ ^Irfihnis equals one-seventh of 
the gri'atest length of tlu‘ sknlb whieh in it 0(pials one-nineteenth. 

Seen from above, the face is des(*ribed as forming a vertex. This ex- 
tends from the region of the i)roene(q>halon to the npi)er border of the 
anterior nasal apertur(\ On the side the region (d" the face is e(pial to 
the length of the dmdal seri<‘s. Tlie orbit is, strictly speaking, t int 
portion of the skull which ace.omniodati's the (eyeball; but this is much 
sinaller than the space as defined by the bony limits, as scam in many 
othermanimals, Sim*e custom has sanctioned an acceptam‘0 of an or- 
bital region which would beliinited posteriorly if a process were ]>resent 
extmiding from the anterior tmiiporal ridge toward the zygoma, a simi- 
lar region so restricted is held to be a valid one in all bats. In some 
geiK'ra, indeed, as those t>f the t]mballonurida\ the post-orbital proc- 
ess is constandy present, and in tlu‘ rteropida> varying degrees of 
posterior limitations of the orbital region are seen. The face, including 
a part of the frontal bone, isinllatedat the side in bats, I have called 
this the fronto-niaxillary inllation. It forms a ridge or swelling at the 
upper border of tlie orbit. The inllation of the skull at the anterior 
part of the frontal boiu‘ to form the frontal siinis is much less conspic- 
uous in the Cheiroptera than in some other onlers, but the maxillary 
inllation is greater. This piuailiarity gives the face a broad etVect at its 
Junction with the brain-case and modifies the shaiic of the orbit. The 
(dhmoidal plati'S variously change the shape of the inner wall. As a 
rule, th(‘ frontal bone here ]>ermits tln‘ ectoturbinal parts to be in part 
delined. The region of tin" lachrymal bone appears to resist the dis- 
])osition to intlation; hence the piMuiliarit ies of the inllation give char, 
acter to this portion of the cranium. On the vm'tex tlu^ inllation causes 
tlu‘ fac(‘ to widen from the [iroimcephalon to m^ar tlu‘ anterior nasal 
aiKU'ture, where it is abrujitly narrowed, ami to tueate depn'ssions of in- 
constant kinds in tlu‘ line of the conjoined nasal bones. The extent to 
which the recession of the nasal bone from the anterior nasal aperture 
occurs, as well as of tln‘ jialatal notch, due to the rudinnmtary state of 
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tlu^ preiiiiixilla>, afford bases for some (diaracters of minor value. The 
leiigtli of the infra-orbital (‘anal and the peculiarities of tlu^ outer wall 
of th(‘ canal arc of interest. In Artihcns the canal is 1 oiiil>’ and for the 
UK^st part smooth externally, as in CaiiiSy while in the fauna generally 
it is shortj as in FeJis^ and is often elevated. 

The hard palate maybe either in the main axis of the skull, as in most 
forms, or delleeted upward and forward. The (diaracters furnished l)y 
tlie ptcnygoid processes, the palatal plates, are here as useful as in 
other mammalian groups. The premaxilhe are rarely firmly united to 
one another. When they are so united, as in Phyllostomiihe and JMo- 
lossi, the median incisors are disposed to be (amtiguous. AA^heii they are 
not united, a large median interspace separates them and is continuous 
with the vacuity which in other mammals represent the incisorial for- 
amen. The presence or absence of the spheuo-palatiue foramen is used 
in some groups, as ]Molossi and in Plecoti, in separating genera. The 
disposition of the turbinals is also of interest, the i>ecnliarities of the 
arrangement being definitive of the families as established on other 
structural cliaracters. If in mammals generally an outer and an inner 
turbinal group is recognized, then in the bats we have a median lamina 
which bears upon its inner surface one or more scrolls (endoturbinals), 
and ail outer lamina Avith mmih simpler accessories (ectoturbinals). 
The simplest arrangement of the turbinals is seen in the N’ycterida^. and 
lihinolophi(he, the most complex in Pteropidm. In Nafalns alone is 
the eetoturbinal rudimental or absent. (Hull. Mus. ( -oinp. Zool., Feb., 
1880 .) 

In addition to the peculiarities of the masseteric impression on the 
lower Jaw, already noticed, characters are furnished in the height of the 
coronoidpro(‘ess and the degree of dertection as well as the size and 
shape of the angle. The iM)st-symphysal spine which is conspicuous 
in some extinct forms has not been seen by me in any of the extant 
forms, and I have examined most of the genera of the order. 

The shortening of the face, pur/ 2mssHy Avith reduction of t(3eth, is seen 
in Carnivora, The tendency is seen in Vesperugo^ and in bats gen- 
erally. In Vespcrtilio the shortening of face is accompanied by dis- 
placement inward of the lAremolars. In a mechanical sense it amounts 
to the same as reduction in number. In pteropine bats a remarkable 
persistence of facial length remains, while the disiAosition to reduction 
is (Evident. One may conclude from the instance last named that the 
shortening of face and reduction of teeth are independent. The same 
is true of the Uiigulata. 

In Aialapha the lower Juav closes in front of the upper. The lower 
canines articulate with the anterior surfaces of the upper laterals their 
entire length. The upper canines are free, /. c., do not articulate Avith 
anything. 

Vertvlyral column, — The A^ertebral column is without large processes 
other than the luemopophyses Avhich are well developed in the cervical 
region. 
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^riio alias is bmadesi in Ptoropida*. In botli Ptf ropiis and Hpomoph- 
onis tlio ))on(‘ exttnnls downward ])ostrnnrly and at the vsides so as 
to 4*ont‘(‘al tin' lown* opcndni;' of the canal for tin*, vcn tebi al canal. The 
ii]>|>er bonh‘r ol‘ the (*onJoiiied lamina* is bohlly nii»’ose. In ^1 a 

imanber of a .uroiip in the Xew World analo^inis to the forei;'oiiLi»*, the 
atlas is gri'atly reduced in the i)roportions of the lamina* and the trans- 
V(*rse i>rocess> the lower op(*nin^i;' of tin* canal for the vertebral canal is 
exposed on the post(*rior as])eet of the ]>one, while the npi)cr border of 
theeonjoim*d landna* is scarcely rugose. In the vesp(*rtilionines, molos* 
sines, and pliyllostoinines minor ])ei‘iiliarities distinguish the atlas. 
Tlu'se are given in the diagnosis of genera and species. In a general 
way it may be said that the pteropines are broadly separated from all 
the other bats by the charact(*rs prestmted by this bone. In Pferopns 
and IJponiophonis the axis possesses a large neural Sjuue which almost 
ecpials the length ol‘ the body inclusive* of the cyliudroid odontoid pro- 
cess. In Artibeiis the spine is but one-half the length of the body 
inclusive of the tnberch*-lilaM)dontoid process. Ther(*mainingportionof 
theeervi(*al is curvedmorcor lessantero ])Osteriorly. This is less marked 
in the pteroi)ine and phyllostomine genera than in the vesi)crtiIioninc 
where the curve is so great as to bring the o(*ci])ut almost to the lirst 
dorsal vertebra. The sacrum, at its upper i)ortioii, ('xhibits a com]>ressed 
projecting ventral surface. The spinous processes are tlat, distinct, and 
increase in size from above downward in molossines and but 

they are low and conthu'ut in many forms as in tin* i)teropines. The 
first coccyg(*al vertebra in tailctl forms is large and resembles those of 
the sacrum. The caudal v(*rtcbra* Ih*1ow this an* cyliudroid. They 
vary greatly in length, especially at the beginning of tin* series. 

Pibs . — The ribs ai e Hat, broad, with wide intercostal spaces (coales- 
cent in Xat((h(s and Jlipposidrros ioi* tin* r(*gion of the first and 
se(*ond ribs). Tdic ()t her intcrspac(*s are also W(*ll dcfnn*d in Pteropida*, 
but as a rnh* they arc narrow, and in Xatalus and llipjwsideros are 
I^ractieally obliterated. The costal cartilages an* relatively inelastic 
and are disposed to become early eah*ilied. Indeed, the entire chest 
is rigiil, and the ribs oft(*n be(*ome an(*hylos(*d to the spine, and in some 
iorms, as in old individuals of Ves 2 )criiIio murinus, the contiguous ribs 
to ea(‘h other. Hence the n*s})iratory mov(*ments arc for the most part 
lierformed by the dia])hragm and the Hank musch*s. 

Sirniuw . — The sternum possesses a massive, broad prosternum and a 
narrowed niest>sternum and metasternum. The prosternum sends a 
conspicuous process forwaril into the neck (as in many tei restrial mam- 
mals) in molossines; all the others are without tliis ])ro(*ess. The first 
Joint is usually conspicuously k(*(*h*d, and in Pteropida* this keel is 
divid(*d by a deep notch. The mesosternum in the same family is also 
k(*eled its entire length, but in the other groups it is barely ridged or 
smooth. 

A)iinior liwha , — The vbfricle is present in all bats. It is Hrmly at- 
tached at both the acromial and the sternal end. The last named 
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elVci’ts ail important articulation witli the cartilaj»'e of tlie first l ib and 
in the sterno-claviculo-costal Joint ; in Molossi, at least, it is of enormous 
strengtlu Tlie scapula, as in other claviinilatii iornis, witli few excc])- 
tious, in which tlie lar^-e anterior extremity is not su[)ported on the 
ground, possesses an infraspinatus fossa very much larger than the 
supraspinatus. The hone lies well up on the side of the. neek in the 
forms in which the cervical series of vertebrje is bent forward. Excel 
lentcharactersare yielded by thecoracoid ]H‘oeess. It is always longand 
slender, simple, and gently curved in various arcs in Pt(‘roindm, Ithi- 
nolophidic, Emballonnrida‘, and Phyllostomida*, but bifid in most 
Yespertilionube. It is interesting to find the genus Vcspertilio ahav- 
rantinthis respect, the process being simple and curved quite as in 
the larger groups first named. The posterior tubercle is iirolonged to 
form an oblhjuc posteriorly-directed process in the molossines and in 
Ghallnolohns. 

With the exception of the tuberosities of the humerus no check 
])rocesses exist anywhere in the bones of the limbs, thus presenting 
marked contrasts with the limbs of birds. The trochlear cud of the 
humerus yields in the shape and direction of the eiiitrochlca valuable 
characters. This process conforms to the terrestrial type, L e., it is 
transversely inclined in pteropines and the genus Saccopteryx; is de- 
flected downward parallel or nearly so to the shaft in phyllostomines, 
but is absent in vespeidilioiiines. In vesiiertilionines again the articu- 
lar surface is axial, /. c., is in the middle line of tln‘ humerus, but in 
phyllostomines it is thrown well off to the outer side. JSTaiTow- winged 
forms, as the molossines and the genus Atalapha, exhibit large tubercles 
on the humerus and wide trochlear surfaces. Thus these characters 
harmonize with rapid flight. On the other hand, the forms with smaller 
tubercles and narrow poorly defineil trochlear surfaces have broad 
wings and presumably slow flight. 

The radius constitutes the main support of the forearm and jiresents 
few variations from a single type. As a rule it is nearly straight, but 
is mucli bent in llipposideros. It is always obliquely grooved by the 
tendon of the extensor ossi metacarpi pollicis. The size of the large 
deep fossa for the insertion of the biceps flexor is variable. Since the 
ulna does not enter into the composition of the anterior arc of the 
trochlea, and its place is here taken by the radius in addition to the 
work this bone does in aidiculating with the humerus at its outer half, 
it is easily seen that the radius is ])rovided with two facets at its i>rox- 
imal end, and that the main ridge on the distal articular surface of the 
humerus fits in between these two radial facets. So far as the degree 
of invasion of the radius into the trochlea has been noted it appears t<^ 
correlate with the degree of activity of the ])rone form in scurrying. 
It is thus marked iq Chelromeles ami Molossus, and is small in 
Kerivoula, 

Prqc, K. M. fid-rr— 2 
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Tlie iduH is inoiv inconstiuit in Ibnn Mian Mio radius; in all il is in- 
conipletu and is coinposiMl of a iiroxiinal and a distal rndiinent. Tlic 
l>rnxinial rndinnad is IVt‘C at tlie \V(‘ak ol(‘i‘ranoii, wliicli n‘S(Mnbl(\s tli<‘ 
])arts in tlu^ sloth, and is rontinnons in most i;‘onera with an andiod 
rod-likc shaft ofiinifonn width, which is ossified, as a rnh'.witli Micra- 
dins at about its proximal third, hkxccpt ions arc noted to this arran^ui*- 
nnmt in some of the V(‘Sp(‘rtilionin(‘ ‘>'(m(‘ra, c. </., Srofi>phih(s and Mi)u'- 
opfrrKSy as well as in th<‘ molossine Promops, in which a small anehy- 
los(‘d (decranon unites by a filiform shaft to the proximal third of the 
ulna. r>nf the V(‘spertilioidne forms as a ruh‘ (7jr<rn7u'occy^/m///.s‘ not (*x- 
amined) redain a free olecranon which is confinnons with a filiform ta- 
p(‘rini;* shaft, which ends free in the muscles of the forearm, ('or if no 
rhhuis^ yi/rtophUns^y ('hnlinoJohns arc‘ e\(*eptions ev(‘ii to this arraiig*(‘ 
ment, for here the shaft is (mtirely absimt, tlu‘ riidimeiital fixed olecra- 
non constituting Mieentir<‘ ])roximal end. Tin' tendon of tlu‘ triceps 
mnside as it is insertiMl into th(‘ ulna is occnjiied by a s(‘samoid bom*. 
No other animals poss(*ss a bone in this situation. It is either a sepa- 
rate ossicle d(‘velopcd in tin* tendon, or the disjuncted epiphysis of the 
ulna. This relatively unimportant bom* leceives the mns(*le which 
alone extc'iuls the powerful forearm. Tin* extensor (*arpi ulnar is — a 
mns(*le as constant in this group as in oMkm’s — arises from it. All the 
redafions of the ulna, therefore, are with tlnMvxtensoi’s. Tln^distal end 
is anchylosed to tin* radius at the wrist. The form may be that of a 
tpiadrate ])late which is usually entire, though it may retain a minute 
foraim*n i)\' insufficiency, as a: rule, in tin* v(‘spertilionim*s. The plat<* 
may be absent wh<*n a hook-liki* process dir(‘ct(*d proximally, as in mo- 
l()ssines and yl/u/uyd/u; it may jiroject nearly at right angh*s to sliaft 
and b(* couoidal, as in phyllostoinines, rhinolophines, and tin* genera 
Snccopterifx and Xnfnlns'j or it may be abs(*]d, as in the pteropim*s. 

The carpus of bats exhibits some valuabh* characters. In all forms 
the first row of bones is composed of two bones only — viz, a largi* bone 
whi(*h (-onstitutes the greater ])arl of the row and will ln*r(* r(*ceive flic 
name of the sca])ho lunar, and a small separate bone af the ulna bord<*r 
of the scai>ho-hinar which apiiears to be tin* cuneiform. 

The second row is composed of the trap(*zium, trapezoid, os magnum, 
unciform, and pisiform. The os magnum and unciform always unite 
to form a (*onvex surface for articulation with tin* second i*ow. With 
the exception of' the i>isaform all these inti*gers are easily re(*ognized. 
The carpus on the whoh* is siiiijile, since the first, second, and third 
metacarpal bones are in axial articulation with trapezium, trapezoid, 
and os magnum. res]H*(*tively, while the fourth and iifth metacarpal 
l)oin*s articulate with the unciform. 

In pteropines the trapezium and os magnum aix*. greatly larger than 
are the other bon(*s of the sec'ond row, and give a ])ecnliarly massive 
a])pearance to the ixirpus when the wing is folded. The bone first 
named is without nodosity on the palmar as]>ect. Wedged between 
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the two bones last naiiK'd is the iiisignitieant trapezoid. Owing to tlie 
ab'ruptly curved line formed by the heads of the inetacarpals the 
vseeond and fifth bones lie at the level of the ])lane, which would unite 
the ends of the curve, while the third and fourth foi m the bottom. 
The cavity defined by the curve as indicated is almost entirely occaipied 
by a large hatchet-shape prolongation of the os inagnmn. Thus the os 
inagimin, bOvSide its axial attachments, is held on tlu^ one side to the 
second and on the otlier to the fifth m(‘ta('ai pal bone. The heads of 
these bones are so disposed as not to a]>])roaeh each other. Tlie ])isi- 
finni is absent unless it is rei)resented in the palmar ]n*olongation of 
the os magnum. 

In rhinolophines the ])lan is that of ideropines. Tlnnigh the bones 
are less massive than in that group, the metliods of articulation are 
the same, and th(‘. ])isiform is also apparently absent. 

In Artibem the palmar part of the os magnum articulates with a 
separate but much smaller element, which oecui)ies the ])hiee of the 
hatchet-shape plate in Pfrropus. The heads of the inetacarpals are 
S(*arcely curved, and those of the second and fifth are disjiosed not 
to approach each other. 

Among the vesxmrtilionines we notice the Ibllowing: (.^nrjfuorhiints 
closely resembles Artlhcns, In Adelo}iijoterls the trapezium possesses 
a tubercle on the palmar as])e(d; the os magnum is without palmai’ 
plate either united or separate. The heads of tlie second and fifth 
inetacarpals approach each other and almost touch. In Atalapha the 
tubercle to the trapezium is retained, while the palmar extension of 
the os magnum is absent. Ai tieuhiting on the ]»ollical side of the fifth 
metacarpal bone is a separate ossicle, whicli appears to take the place 
of the ]iart last named. It is elongated and much larger than any of 
the carpal elements. I have named it the insiform. Antrozouf^ is 
much the same as Ataiapha; the ossicle by the side of* the fifth meta- 
carpal bone is triangular in shape. The plate of bone whi(‘h is con- 
tinuous with the os magnum on its palmar aspect in pteroiiines appears 
to be the same as the separate^, ossicle in the same situation in Artibem. 

The bone which articulates by its base with tln^ fifth metaeariial bone 
in Atalaplui and Antro.zous would appear to be identical with the above 
plate, since when it is pi*esent the os-magnum ends in a simple manner 
toward the palm. It would api:)ear to be the pisiform, Auev in Ataiapha 
it was observed to receive the tendon of the extensor car]>i ulnaris. 

t^esamoixl bones . — The sesamoid bones are found in lo('.ations where 
great motion is permitted on the side <ipposite to which the bones are 
lodged — the ])urpose being apparently to prevent stretching of the 
muscles which carry tlui sesamoids. At the point at which stretch- 
ing would begin the bones lock with the j<n’nt snrfin*(‘- and takes the 
strain. They are best developed on the dorsum of the carpus in phyl- 
lostoiniiies. 

The tendency above noted for the second and fifth nudacarpal bones 
to incline toward one another on the palmar aspect of the carpus, and 
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jis a result for tlu‘ schmuhI bone to li(‘. in trout ol‘ ll»e tliiid ninl for tlio 
(iftli t(^ in fr(nit of flic Iburtli, is u not;ibl(‘ fentnro in tlie inanns t)f. 
Miebsit. ]\£inor dinerences are setni in tlu‘ relativ(‘ leni^tlis of the bones. 
They aie shortest in |)teroi)ines and rliinolo|)]Mnes. The second ineta- 
car])al is usually sli.uhtly shoiler than the otliers, but in llipposideros 
it is innch shoi tiu’. T1 k‘ tilth nuTac'arpal l>one is apt to be tlie lar<;'est, 
as in rtcn>jn(s^hni in IJippo.sidrros and in tli(‘ inolossines it is the shoi*t- 
esi. In the ,a‘ronp last named and tin* idat(‘d A talaphn tli(‘ bones 

are marked by i;i‘oov(‘s for the pown ful ni(Macarpo-])ha]an^eal th‘xor,s‘. 
The third im‘ta(‘arpal boiu' is commonly the lai\i;est, the lifth tin* shortest, 
th(‘ foiii'th l)(‘in^a‘ intei’inediate, yih in Xoi*th Am(n*i(‘an species of Ves- 
pcrC7h> the (bui'lli b()iiOj beinit sli^itly shorter than the tilth, is scmie- 
timesan individual variation. Mri/a(lvr))H( is reniarkal)le for havini;’ the 
above order i*ev(*rsed — the lifth nietacai‘]»al is the largest and th(‘ third 
is the shoi test. View(‘d as a wlioh* th(‘ maims, notwithstanding its 
(mormons longitudinal di^vclopnnmt in tin* third, fourth, and lifth eh‘- 
numts, is singularly unimportant in the lirst and seiauul. Tlu^ S(*cond, 
however, while unsupported by elongated ])halanges, has strong archi- 
tectural functions at tlu‘ line of its union Avith the carpus. 

The i>halanges present fcAV points ot‘ contrast. They are uniformly 
(dongated rods. As a rnh‘ the second digit i)ossess(‘s a single rudi- 
numtary ]>halanx Avhich may 1x‘ trim or simiianchylised to the midacar- 
]ms. The liigh(‘st degr(*e of devidojnnent is attained in the ]>t(Toi)ines 
and in the genus the former having thnm and the latter 

two i>halanges. In t h(‘ iiterojiines the thiid is ordinarily furnished Avith 
a claw. They A^ary greatly in the range of motion, those of the second 
and lifth digits being the li‘ast mobile; in their relatiAm lengths in the 
pteropiiH^s and thi‘ gimerui Xorfilio and Mi)noj)fcnts, these forms being 
r(‘markabh‘ for the degrees iiresent of lateral and doisal flexion. It 

has been noted on p. that the dis^msition and relative sizes of the 

]>halanges vary in the scuiTying and ])endant forms. In the ])osition 
of tlight the roAv of lii’st plialangi‘s is Hexed downward, but the i’oav 
of second i)halang(‘s is at the same time didiectiMl laterally^ /. i*. to- 
AA^ard tlu‘ body. In thi‘ position of ri^st the ])ai*ts either remain axially 
dis])osed or thi‘ roAv of thi‘ lb‘st i>halangesis laterally or dorsally Hexed, 
as in the molossim‘s and einballanourines. The terminal cartilages are 
apparentlyabsent in pteropines and rhinolophines. When ]n esent they 
remain in axial line Avith the iHialanges, as in ])hyllostomines (excepting 
Vampj/rn.s), or they arii didlecbxl from that line, as in Amspeililionines 
and inolossines. These little i*ods appear to b(‘ indices of the amount and 
direi'tion of strain to Avhich the membranes are subjected, and point, 
thiuefore, to distinclions in methods of Hight. It may be said that 
they are absent, or, il* present, axially disjiosed in the broad-Avinged 
foi ins, but are dellected in thiMiarroAV Avingi*d. In v(*spertili(>nini‘s and 
inolossines ((‘xcepting Krriroula (.^) nud Autrozous) th(‘ fifth digit is ju’o 
yided Avith, an ai'cessory cartilage, AAdiiidi lies to thi‘- outer side of the 
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teruiiiKil It sli,<;*litly projerts from tlic iiuir^in of tlie wiu^ 

nienibrane, 

Tlie iimch givatcr lengtli of tlio third digit, as coin[)ared with that 
of other digits, is a note* worthy hniture of the bat wing, its relative 
length iu different forms serves as a guide to generie and sometimes 
to specific distinctions. 

Tlie peculiarities of the thumb are so marked that they can be best 
considered apart from the other manal parts. The tliumb, as a rul(% is 
free from membrane beyond the basal third of tlie first phalanx, but 
may be almost entirely inclosed, as in Thifroptern, The extimt of the 
enwrapping membrane determines the size of the little fold of skin 
which lies between the thumb and the second metacarpal bone. The 
thumb is relatively large in pendent forms, since it is here of value in 
prehension; per eontray in Thyropteray in which genus a suctorial disk 
takes the place of a prehensile thumb, this digit is also small, though 
the animal is unadapted to activity in the iirone attitude. It has been 
already noted (p. o) that the thumb is bent downward and the under 
surface of the first metacarpal bone fairly well outlined in the jiendent 
forms. It is not known \\ov{ Desmodus and Biphylhiy process 

with large projecting thumbs, su])port the body when at rest. The 
claws on the feef are weak, and the animals are probably not pendent 
at rest. AVitli these exceptions, the phyllostomines possess the semi- 
tlexed thumb, as do all the other families excei)ting the molossines and 
vespertiliones. 

Posterior limbs , — The innominate bone always exhibits a narrow i*o(b 
like ilium which occasionally projects slightly above the line of the ilio- 
sacral articulation, but as a rule is level therewith. The dorsum of the 
ilium is flat, in nn^st forms, but it may be concave and broad, as in 
molossines, Atalapha and Chltonyeteris, The pubis is, as a rule, defined 
in the males, but is absent and has a wide interval defined between the 
innominate bones anteriorly in the females. The shape of the ischium 
and of the thyroid foramen is subject to slight variation in genera and 
even in species. The innominate bone is in most forms distinct from 
the vertebral column. In molossines, ChilonycferiSy and in rhinolo- 
phines, it is anchylosed, both at the sacrodliac junction and the ischio- 
sacral or ischio-coccygeal junctions. Gh Uonyeteris is an instance of the 
union last named. In all bats a disposition exists for the tuberosity of 
the ischium to ap])roach the vertebral column, thus presenting a marked 
contrast to that seen iu terrestrial quadrupeds. Antrozoiis exhibits a 
fixeet between the tuberosity and the first joint of the coc(*yx. The sloth 
is the only animal I can recall which exhibits a fixation of the ischium 
similar to that found in the bats. The ilio-])ectineal spine is marked; 
often a large tubende, it may be a needle-like spine. In Hipposlderos 
it is of (mormons length and is anchylosed to the ilium near its upper 
border. 
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Tli(i wliicli attaclics to tlit* nsti*olo^y ol‘ ilic liiml t‘xtn*inity 

]ins led mo to ,i»ivo. in moro d(‘tail tiic ionowiiig: 

In ])t(‘roi)inos tlie ilium is (*urvecl outward to a slight degroe at tlio 
(‘rest. Tli(‘. ridge from the ui)per hordei’ ofthe acetabulum is iucous]u<‘- 
nous and does not extend entire length of ilium; thus the ventral and 
dorsal sui’fa<*es ar(‘ not sei)ai*ated and th(U'(‘ is uo s])e(dal external bor- 
der near the crest. T1 k‘ tid)crosity of the is(*hium is d(*lleeted mark(‘dly 
from the line of the ilium and li(‘S against the eo(*e 3 ^x. Th<‘})ulns is 
thiekeiied iiiferiorly; the ])cctiueal spine is absent or scarcely discern- 
ible. 

In JIq)posi(lcros among the rhiiioloi)hiiies the ilium is (*x])anded and 
is concave on both dorsal and ventral surfaces. The broad crest ex- 
tends outward and unites by a broad thin tlange to the tip of the long 
pt‘ctiueal spine. Tuberosity of the isidiium not ])rpjected backward; 
nearly the entir(‘ pubis and is(*hium converted into abroad plate of 
bone at the expense of the thyroid Ibramen. 8ymi)hysis pubis long, 
entire. The trochanters of the femur are drawn backward and ap- 
proximated; the inner trochanter is the longer; the outer side of the 
shaft below the head furnished with a tlange. The condyles small and 
separated by a wide notch. In th(‘ tibia the spine for hamstrings com- 
pressed. Internal tuberosity prolonged; no niallehis. 

In phyllostomines the ilium is nob deflected at ci-est. As se(‘ii in 
Artiheus the ridge above tin* acetabulum rudimental as in pteropines — 
the V(‘iitraland dorsal surfaces tlnwefore scarcely distinguislnal. The 
extei nal border below the crest is rugose and enormously thickened. 
The ischium is turned but slightly toward the coccyx. The inferior 
bordci* of the pubis produced inward as a long blunt jn'occss and the 
upper border forms a long acicular process (pectineal eminence) which 
(‘xtends one-half the length of the ilium. The trochaut(‘rs of the femur 
not carried back, the outer not separated from the head by a notch. 
The inner is much long(‘r than the outer. The shaft at its inner side 
at the proximal fifths exhibits a consi)icuous (*rest. The coudyh‘s are 
of equal siz(‘. Abov(‘ them postei*iorly is a depression (b(‘st marked 
over inner condyle) to receive in forc(*d tlexion the posterior border of 
the articular surface of the t ibia. Intercondylar not(*h, i>it-like. Prox- 
imal end of the tibia with scar(*ely any inward proje(‘ting [)ro<*(‘Ss; 
malleolus nou(‘; tubercle for insertion of hamstrings markedly devel- 
oped; sui fac(‘ for articulation with the fibula I’ugose. 

In llcmUlrnna the iuuominat(‘ is miu'h as in Artibeiis, but the ]uibis 
not project iiig or thi(‘kened; the p(*ctiii(‘al spine but ou<‘-thii*d the 
hmgth of the ilium. Tlu‘ femur ([uit(‘ as in this gemus, but tht‘ (Uiter 
trochant(‘r separated by a notch from the head, lii Mucrotu.s the in- 
nominate bone much th<‘ same as above, but the i)ectineal sjiine over 
one-half the length of the ilium. The trochanters of the femur approxi- 
mated and canic^d w<‘ll to tlu‘. back of the shaft. The libula only half 
the length of the tibia. 
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In Mormop.s the ilium is greatly eom[)ress(Ml between the ventral and 
dorsal surfaces; lirst joint of the tail very long. The femur and tibia 
as in Ghllonycteris in like manner exhibits a eompi'essed 

ilium ossilied to sacrum with broad rugose external border adjoining 
crest. Dorsal surface slightly coiieave and expanded. In both 71/er- 
mo 2 )s and CMlouijcteris the tuberosity of lln‘ ischium is amdiylosed 
to the sacrum. The i)ubis in tlu‘ male of J/ormoj),s' is bony and entire ; 
ill Ghiloiiyctcrls it is less lirinly defined. T1 k». pec’tineal spine in Mor^ 
is two -thirds the length of the ilium. In GMlonycfcrts dari/l it 
is remarkable for being nearly as long as this bone and bound by 
fibrous tissue to the vertebne. In l>oth of the genera of Lobostomida'. 
the trochanters of the femur are approximate, (*ontluent, and carried 
well back of the head. Tibia and fibula much as in Mdcrotiis. 

In uMoIos.shs the innominate bone is coinpressedj expand(‘d. It is con- 
cave dorsally with narrow iliac upper border slightly projecting. Pec- 
tineal spine one-third the height of the ilium. Pubic symphysis en- 
tire, bony. Tuberosity of the iscdiiiim projects well backvaird, but is 
free from the sacrum. The inner trochantei* much larger than the 
outer; truncate with a downward projecting projecting spine, not car- 
l ied backward. The outer trochanter separated from the head by a 
slight notch. (Jondyles eipial in size; notch wide, shallow. Tibia 
straight with large malleolus. 

In Promops the pelvis entire as in Molossus; characters much the 
same as in this genus, but the upi>er border of the ilium without spine 
and the tuberosity articulating with the sacrum, but not anchylosed 
thereto. Femur and tibia of the same characdei* — the <listal epiphysis 
of the femur narrower than the expanded shaft. In Xyctlnomus the 
ilium as in Molossus^ but the pubic bones fr(*e ; femur and tibia the 
same. 

In Atalaplia the ilium is quite as in Molossus^ but is not anchylosed to 
the sacrum. The i>ectineal spine blunt, ru dimental; tuberosity of the 
ischium lies in the same line with ilium approaches sacrum, but is not 
articulated therewith. Both ti*ochauters of the femur aie cariied 
backward as in Yampyri, but are not approximati^ ; L c., they are visibl(‘ 
from in front; the inmu' is the narrower, though they are of the same 
length. Condyles high and narrow, the inner scarcely the wider; 
notch iiariow, deep. Tibia curved with imulianly projecting inner 
tuberosity, malleolus scarcely discernible. Fibula entire; upper pm-- 
tion membranous. In Antrozous the ilium is anchylosed to the sacuiim 
and in the male at least the symphysis luibis is well detined; the tuber- 
osity of the ischium extends back of the line of the ilium and almost 
touches the sacrum. The pubic bom* without a thickened iuferioi' 
border. The femur and tibia much as in Vci^prrtlUo, 

In YespertlUo the ilium is nai row, not expanded above and not con- 
cave posteriorly ; the outer border scarcely thickened near tluMucst. 
The iiectiueal siune low, compressed, directed slightly forward, blunt, 
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S(*arc(‘ly than 11 h‘ acetabnliiiii. The in(ri‘ioi‘ bordi'r ol’ the pubic 

bom^ thit'kiaicd n(‘ai* tlu' syinpiiysic line in tln^ male. 4'lu‘ in- 

imminat(‘ boiii' is ii^iitly lu^ld to tli(‘ sacrum and at the symphysis pubis. 
Th(‘ iniuM’ t rochantiu' ot* tli(^ tiMuiir (Mpials tlie (‘xt(‘nial. both are small 
and tlu‘ u'hitiNil ('rest is s(*-ar(*i'ly larp'r than a llan^i' which unites tlu' 
inner tr(K‘hant('r to the shaft, thus makiiii;’ tlie femur uui(]U(\ Tlu' in- 
ner condyle is slightly tlu' larii‘('r and the not(*h narrow. The tibia 
with larue project ini»* nu'dian spine at tlu' proximal (‘iid; malh'ons (lis- 
t inet. 

1 n d(/( /(u///ch'r/.s* and Ijasionj/ctrris \\u^ j)arts (piit(‘. as in Vrspcrtilio, 
tlu' p(‘ctineal sj)ine slightly lon<>(T; llu' shaft of the fi'iiinr just Ix'low 
the head h'ss ex]>amled. 

Con/uoyhinits mm*h as in Vrsperfilio^ buttin' ii])per part of the fi'inur 
much less ('X]>and(‘d, the shaft ni'ar the tro(*hant(‘r si'.afcely at all. 

The femur is without neck, ddie outer and inner trochanti'rs are 
subcMiual, and of larae siz('^ the outer teudin.e:' to become the lai\e;'er as 
in the molossiues, 1die (Uiti'r side of the sliatt below the trochanter 
is often inark(‘d by a tlani^e in ]>ositiou of tlu' third troidianb'r. Jlip- 
posiilcros and all phyllostomiiu's show an im*lination to the (b'velopment 
(h'a (*ouspi(*iious tlanee on the inin'r side of the shatt m'arthe inner tro- 
(‘hauter. This is most markc'd in (Viilonyciyris^ Monnoj)s\ and Naiahis. 
In tin' ^i;enera- last named the trochanters ari' drawn backward, lie on 
tin' posti'rior surface of the bone, and are in close ri'lation (rc'Si'inbling, 
with the lu'ad, the anterior (')id of a ^eonndric larva)^ while as a rule 
tln'yareon lines whic'h answi'i* to the lat('ral li^'aments ot‘ the knee 
joint. The ('ondyh's are appioximatc' markedly uin‘(|ual with a narrow 
inli'rcondylar notch, the inin'r (‘.ondyle beinii* the lar^'er. as is the rule, 
or wide apart with small condyles, as in molossiues and rhinolophines. 
The tibia may b(' shorter than tlu' femur, as in Artibcus and Molossiis, 
but it is, as a I’lile, Ioniser than that bone. The inner tuberosity is fur- 
nished with a hori/outally-projei'tinu* ]>rocess in vespertilionines: this is 
an ('xcelh'iit character definin'*- the family. The tubercle for insertion 
of the liamstrin^‘s is most marked in strictly arborc'al forms, as the 
])t('roi>i]ies. The malleolus is otten rudimentary or absi'iit, as in pliyl- 
lostomiiu's and rhinolophinc's. Tlu' fibula is uniformly imi)erf(‘ct above 
sav(' in the molossiues, when* it is complete, or in Antrozoiis, where a 
meiubi-anous iilh't continiu's the form of tlie bone to the inner tuln'rosity 
of th(‘ tibia. 

Till* toes retain two phalanges to the first toe; all the others have 
three, but differ in their n*lative len^u'ths. The first phalanx of the first 
tO(‘ is, so far as examined, lonu'cr than that of the otlu'r toi's. In 
l*fvropiis the leii<i‘tiJ^ of the toi's from the sec'ond to tin* fifth gradually 
diminish. In ChiJoin/ricyis tlu'y abruptly iucn'asi*, that of the sc'cond 
toe being- one-third shorter than the fifth. In all bats the tarsus and 
calcaiu'iim are elongate and ('xhibitthe geni'ral character of tlu'se bones 
in mammals, in widch litth* or no W(*ight is borne upon tin* tiosterior 
(‘xt reiuitic's. both boiu's are so disposi'd that tlu* larg(*r end of‘(*acb is 
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(lirccted proxinially. In Ixhiuolophioi the {‘iilciiiieiini enters into the 
ankle joint. In othei* forms the ealeaneum is independent of tlie joint. 
Ill Phi/Uofifomidw, iiiehidini>* Xatalus, as well as in the ^enus Ukyclw- 
mjeterisj the i‘alear* is placed in axial line with the ealeaneum. In 
other families it joins the ealeaneum to itvs outer si<le at a well-defined 
angle. As a rule the astragalus and ealeaneum are nearly of one size, 
but in the genus last named the ('alenneniu is notably the smaller (Am. 
Naturalist, Feb., 1886, 176). 



GENERAL PLAN OF ANTERIOR EXTREMITIES IN FLYING VERTE- 

URATED ANIMALS. 

From the above consideration it will be seen that the wing mem- 
branes possess various features which can be used in distinguishing 
the members of the order. Fiit after what manner ai*e the dying mam- 
mals distinguished from other dying vertebrates ? 

There are two distinct tyjies of modideation wliich the vertebrate 
skeleton lias undergone in adapting the animal foi* dight, both of whieli 
depend upon some peculiarity in the structure of the anterior extremi- 
ties 5 and in order to obtain a eorreet opinion of them we propose to 
east a glance at each in turn. 



Plan 0 / hoiiif fitnicture of the wings of ffglng vertebrate animats. 



a. Bonos of carpus niiunitoa 
distinct; dight main- 
tained hy dermal ex- 
jianso. 



h. Boin‘S of car])ns united; 
dight maintaiiUMl hy 
dermal appendages. 



I. Wing membrane sup})orted by all lingers. 

Bats (Vespertili<0, order of M.\mmalia. 

II. Wing membrane supported by the fourth linger 

only (which is immensely developed), the 
others remaining free. 

< Pterodaetyles, order of Reptilia. 

III. Bones of metacarpus, two to three in number; 
feathers not radiating. 

Living birds (Aves) — class. 
lA’’. Bones of metacarpus, four in uumljer; feathers 
radiating. 



. Archwoptergx (Aves) — subclass. 

I. Idle Bat, in which the humerus is long and slender, with a small ]u*ctoral 
ridge. Ulna rudimentary. Theradiiis constitutes the bulk ofthe forearm ; 
carjius comi)osed of six bones ; the metacarpal bones, live in niiinlier, sepa- 
rate and distinct; the })halanges generally, two in number; thumb, and in 
some genera the index finger, surmounted by a (daw. 

II. The Pterodactyle, in which the humerus is .short ;ind straight, very broad 
at head, with angular and prominent pectoral ridge; ulna and radius dis- 
tinct, of nearly equal size; carpus composed of live bones; metacar]uis ol’ 
four bones, separate and distinct; first finger with thre<* joints, second 
with four, third with live, fourth with four joints, all provided with claws, 
with th(^ exception ofthe fourth, which is remarkable for the extraordinary 
development of its several joints. It is from this last-mentioned finger to 
the base of the foot that the skin Avas stretched by Avhich the animal Avas 
enabled to lly. 



*The ealear is an element of doubtful homology. It siij)ports the frt‘e border of 
the iuterfeinoral membrane, and is of the same significance as the accc-issory carti- 
lage of the fifth manal digit. 
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^111. r>ir<l, ill wliicli ilu* liiuiionis is curvotl, iiiori' or l(‘ss sliMidor; ]K*rtoral 
proiiiiiKMil, mil aiii^alar; iiliia curvtMl, not iinitc'd with lli<‘ 

sl(“iid('r and iiioro iliniiniitivo radius ; carpus or two lioucs; iiiotacarjms of 
two, soiiict iiiK's of (lirco hones — llu^ lirst hciiiit' small JHuI cylindrical tln‘ 
ollu'r two of larger dinumsions and united as tii furni a hone rescmlding 
tlios(' of tln^ fon'arin ; nlnar ])lialanx ot‘ one joint. nnitt‘d to tln‘ radial, 
wliieli is enniposi'd of two. 

'rin'poNvcr (d'snslaining flight not (h'jxMidenl ii]ion the expansion ofshin, 
hut upon the 4*xn'ssiv(‘ devtdo]>nient of (hnanal ai>]i(‘ndag<*s (teallicrs). 

\\\ rin‘ Areli;i‘o\deryx agrees with lh(‘ ty]di‘al hiial in geniM’al particulars, hut 
dilV(‘rs in the nninher of met a(‘ai*]>al hoiu's, which an‘ hert' four in nninher : 
the tirst and s(‘cond art‘ shnidiM*, lVt*e and s(‘]>aralc from one another; tin) 
lhir<l and tonrth hear considerahh> rt‘senihlanee 1<» I host' of extant birds, in 
heinglarge, stout, and closidy approxiinalod ; but are not, lu)wever, united. 

' Flight is sni)posed to have been maintain<‘d in th(^ saim' nianner as in 

Fn ing birds. 

Ill adilitioii the insttiiu'es alr(‘;ul,v given. c(‘rtain tislii's, as tlu‘ 
Ki'oca fiis w\n\ Datij/lopicrus, possess tlu‘ powan* ot siist;iinig tnu‘ lligiil. 
Tlu‘ nu‘<‘haiiisiii tliat lilts tlu‘ lunly of the tish tVom tht‘ water, and n])- 
hohls it tor a short time in the air, is ohtaimnl in the pectoral tins, 
which, in tlu‘S(‘ aniiniils, arc eiionnonsly devi‘loiH*d. The striudurt^ of 
these tins is hoinologons to that of the anterior (Extremities of other 
vert(‘l>rat(‘s — th(‘ir form aloiu' Ina'iig inodilied to adapt llu‘ animal lo 
thi‘ nii'dium in wliiidi it is ]ihu‘<l. Thus we havi‘, in eaidi gr(*at snlnli- 
vision of vertiEbrate animals, a r(‘pn‘sentativt‘ eapaldt* id‘ sustaining* 
tlight. 

Aiiotluu’ soni(‘whal similar nioditi(‘ation of the animal economy is met 
with in a t\‘W animats of arbonail habits. Here a peculiar arrang(‘- 
immt of the skin is obs(‘rved, whitdi mtiibles ihe possessor to br(‘ak the 
force of downward h‘ai)s. In tin' 1 'lying* Lemur ((tiilcopifJuvits), in the 
I'ly ing* S(piirr(El (Ptrronn/s), and in tlitE b^lyino- Opossum (Pvtiun’i.sta), 
th(‘ furnnl skin (‘xtends laterally from the sides of the body, and is 
alta(‘lu‘d to antmior and ]>ostcrior (Extrimiitit's at the metacarjial and 
nndatarsal regions r(‘S])ecti vtdy. d'lie only instaiict' of osteological 
diEV(do])iuent is obtained in the Dragon (J)r(ico rohnis), a small lizanl 
from Suniatr;i, in whicdi long, t ransvers(E processes from eitlua* sidi^ofthe 
lumbar vert(Ebra‘ support a thin immibranons growth whiidi is (*apable 
of Ixdng ofUMieil ;uid shut by means of ninsch‘s attaidu'd to the bony 
franu' work. 

TKKTH. 

In describing the t(Ecth the noiniEnclaturiE of Prof. IT. F. Osborn will 
ho Ibllowcd. 'flic diagrnm InniEwith ]>r(‘sented is copied fn'in this 
writer's pap(‘r in th(E American Xainralist, D(‘ceniber, 188S, p. 107-. 

rrri.n Moi.,\n>. 

Antero-intennil cusp rrotoc(me. pr. 

Fnslero-intenial cusp or sixth enNji llypocom*. by. 

Anlero-exterinil ensp Ibmicone. pa. 

Posten»-e\lernal (‘iisp Metacone. nio. 

Anterior int<‘rnietliat(' cusp l*rot(H*onule. pi. 

Posterior intermediate en.^p Metaconulo. ml. 
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LOWKU ^tOLAKS. 

Aiitoro-extenial cus]) rrotoconid. pH 

Postero-external i iisp llypocoiiid. 

Antero-internal cusp or liftli l us]) l*ara(‘oiiid. pa’* 

Intorinediatcm-aiitcro-intcrniil cusp (in (piadritiibcrcnhn* molars) . .^fctacoiiid, iiic' 
Postero-iiitciMial cns]) Kiitoconid. cii‘* 

The n])per molar in most bats presents to an extraordinary degree 
depressions on tlie outer or bueeal surtaee of tlie e.rown. Sneh de])res- 
sions reeeive the name of ^^flntings” andarevseen in the teeth of many 
mammals other than the bats, as for exani])le in the moles and shrews 
among* the Insectivoi’a, in the Ungiilata, and in mark(*d degree in an 
extinct genus deS(Tibed by Prof. Cope, Lamhdotherium. ‘^Flutings/' 
while of no homological signiticanee, furnish systematic- characters, and 
will therefore be noted in the descriptions. Disposed so as to define 
two Y-shaped figures the "^^'fiutings^^ extend as a sinuate (‘ommissure 
between the paracone and the metacone. Of the twoYs an anterior 
and a posterior will be distingnished. Each Y has two limbs, a first and 
a second. In the third molar various degrees of loss of the system 
of flntings occur. Ooinmoidy the anterior Y is retained while the sec- 
ond is lost, excepting the buccal half of the first limb, as in Y fuscus, or 
the ^^fluting’’ is reduced to the anterior Y, the palatal half of tlie sec- 
ond limb being lost, as in Maerotufi and Atalapha, In the Bats of ISTorth 
America the least reduced last molars are seen in Nyvtinomus and Y. 
hesperuH, 

The tri -tubercular tooth which results from the presence of the three 
cusps, the protocone, the paracone, and the metaconc, may be (*on- 
aected with a triangular figure by bands which unites the cusp-points. 

: ''hese bands will be named in this monograph the commissures. In the 
molars of the bat such a triangle is seen avIiosc apex is palatal and 
constituted of the protocone and whose commissure extends from this 
cusp to the x^Aracone and metacone. Its base is the extraordinarily 
sinuate fluted buccal surface of the crown. A (‘areful search must 
be made for the true positions of the sides of this triangular figure for 
they lie on the opposed sides of the teeth ami are inconspicuous. The 
crown at the flntings ’’ is of great vertical extent and dwarfs even the 
proportions of the ])rotocoue. When seen in profile the x^^ oportioiis 
between the size of the columns’^ of the two Y’s and the ^^ciisp’^ of 
the protocone afford materials for interesting comparisons in the differ- 
ent genera. The hypocone presents excellent subordinate characters. 
It is a development of the cingulum. Usually Hat, as in ^facrotus, it 
maybe a shai‘i>ly defined as in Fromops perotis, or provided with a sharp 
(‘USX) as ill the exotic genus XoctUio, The cingulum can be traced as a 
delicate ridge which lies basal to the sides of the tritubenailar triangle. 
It varies greatly in extent, being best developed in Xyctinomus, 

in the lower molar scarcely any fluting is x)resent and tin" plan of the 
tooth is simx)le. The xirotoconid, x>Araconid, and melacouid are united 
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by (‘oniinissnr(‘s. TIk^, iii»ox ol‘ tlie tiijiiijuiilar is Imkm'hI. Tlie 

Iic‘t‘l or liypoconid is l;ir^(\ ItisiinibMl to ni<‘ tiiuni>Ic by ;i (‘oiimiis- 
siiiM* Jit tlic lingiml si(b‘. Such ji (‘oimnissurc Is provi(b‘(l witli a sluirp 
<*usii iu !\ perotls, bnl :is :i ruh‘ it is smootli. 



KbV 'I'o (Ji:XKh‘A. 



I . Hats with iiKMlian a]>|)omla»j;otoii(>sc, tnuriia'isors in lowt'r Jaw. . . I’li yllosto.mid.k. 
«. l^ody massi vt", aurirliwsliortor lluiii hrad, not uiiit«Ml with its iiMlow. . a.v. 

(d. Body sl('ii(l(‘r, aiirich‘ as large or longco- titan head, united with its tellow 
Mucyotim. 



11. Hats without median ajiittMidages to nose. 

h. iVostrils eireiilar, wings narrow^ anil pointed ; tail long, ])rodueed tar hcyond 
intertbmoral inemhrane; marginal loos iVinged with eoarse hair. JMoi.ossi. 

Lips g roi 1 \ od Xt/ vii n o m ii v . 

Lips not grooved Proniops. 

/>'. Nostrils elliptical, wdngs broad, ani]de ; tail as long oronly slightly longer 

than the broad interfemoral membrane; marginal toes naked 

\A«:si»i:i{tiuonii),k. 



c, 'bwo ineisors In ii]i]>er jaw. 
tSix ineisors in lowm* Jaw. 

Interfemoral membrane more or h‘ss hairy. 

Lremolars ^ 



1 htiijfptrrHs. 



I’remolars " italuphu. 

^ * Interfemoral membrane not hairy .Vve//ee/».s\ 

f t Four ineisors in lo^Yer jaw' lutrocons. 

l*'our ineisors in ii])]u‘rjaw. 



tl’reniolais ; greatest width of tiagns at base eijiials oni‘*lialfof inner 



border iilclttnifi'ltrh. 

o 

1 1 Premolars 

MJreatest width id’tragns ei[nals ninch less than one-hal f inner border; 

nose sini])Ie, ears separate / V.s-peraf/o. 

* Cliiaitest width of tragns eipnils one-third height of inni'r border; 
anricles united. 

§ Nose with lateral elnb-slni])ed gland-masses Covi/mn'himif{, 

VN § Nose w'ithout lateral eliib-shaped gland-masses Eiulcnua. 

o 

t ft Premolars greatest width of tragns at middle and iMjnals two-thirds 

height of inner border Lasiouyvtvris. 

1 1 1 1 Premolars Li])s whiskeriMl, dorsnin ot' fae«* furred Vvaju'rtUio 



